. The ecological vulnerability, in turn, has a direct influence on the socio-140 economic subsystem. For instance, a crustacean species may be biologically very sensitive to 141 warming ocean temperatures (see for instance Pecl et al., 2014b) and at its biological limit in a 142 particular fast warming hotspot (thus making it ecologically vulnerable). In addition if the 143 crustacean species is economically important for the local commercial fishery then the potential 144 impact (in the human system) of climate driven change in the marine environment for this 145 species will be relatively high.
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The potential impact in the socio-economic subsystem, aside from being influenced 148 directly by the ecological characteristics of the system, is also defined by the dependence on 149 marine resources of the people making up the socio-economic subsystem. Therefore resource 150 dependence is part of the sensitivity component of the vulnerability framework which is not only 151 defined in terms of economic dependence (often considered in isolation in developed countries 152 and in many vulnerability assessments) but importantly also considers the level of social, 153 historical and cultural dependence (which may be of importance in developing countries or 154 where indigenous marine uses are relevant). Together, in the human system, exposure, resource 155 dependence and adaptive capacity impact socio-ecological vulnerability (Metcalf et al., 2015) . 156 To provide a robust methodological approach for measuring vulnerability of marine dependent 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r R e v i e w O n l y 8 measuring people's and institutions' potential to influence their current situation and adapt to 163 changing future conditions (Marshall and Marshall, 2007; Marshall, 2010) .The proposed 164 framework was not developed to directly assess risk (i.e., the possibility that an action or activity 165 will lead to a loss or undesired outcome). However, risk is a component of the interactions of 166 vulnerability, exposure and hazards (Oppenheimer et al., 2014) because vulnerability changes the 167 probability that a risk will lead to undesirable outcome. Rather, the exposure to natural hazards 168 was assessed in terms of household exposure (to storms, floods, droughts and shoreline changes), 169 and it is thus also possible to evaluate risk using the proposed framework. The importance of 170 considering vulnerability and adaptation together in the integrated framework is shown in Figure   171 2 with the development of adaptation options being informed by and in turn influencing both 172 ecological and socio economic components.
173
Individual components within the exposure, sensitivity and adaptive capacity categories 174 of the socio-economic subsystem were then further expanded to provide more detailed 175 descriptors, or sub-components and measurable indicators (Fig. 3) . The detailing of the sub-176 components allowed the team to develop a generalised survey instrument with individual 177 questions. This research instrument provided information on each indicator, thereby allowing us 178 to map the different components of the integrated framework (Fig. 3 ). The final framework 179 comprised a total of 90 subcomponents, with 255 indicators providing the link between the 180 conceptual framework (Fig. 2 ) and the survey methods that were developed and used across 181 hotspot locations (allowing for comparison among hotspots at these higher levels). A link to the 182 full survey can be found at http://gullsweb.noc.ac.uk/communitysurvey.php. Note that this 183 conceptual framework not only emerges from the experience of GULLS members during this 184 research but also from their prior work with issues surrounding coastal communities and 185 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  R  e  v  i  e  w  O  n  l  y   9 vulnerability (e.g., Gasalla and Diegues, 2011; Shyam et al., 2014; van Putten et al., 2015; 186 Aswani et al. 2015) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The first step to develop a survey methodology to establish the vulnerability of the coastal 213 communities in the hotspot countries was to conduct a literature review and account for the 214 weaknesses of typical vulnerability studies expressed in the literature (e.g., Preston, 2012; 215 Preston et al., 2011; Füssel, 2007; Smit and Wandel, 2006; Cutter et al., 2003) . In particular, to 216 measure social vulnerability in different countries, the approach needed to be sensitive to local 217 cultures and social contexts, both in terms of the process and the method used to gather the 218 necessary information. Ultimately, the information gathered would need to be comparable 219 between hotspots and the approach implementable across other (non-GULLS) hotspot and non-220 hotspot countries. The information needed to be generally comparable between locations, yet 221 specific enough to make it possible to take into account the local context to identify ways and 222 means for communities to adapt to their potentially common vulnerabilities or for different 223 communities to learn from their unique differences. The methods developed as part of the 224 GULLS project, therefore, were also designed to allow the social vulnerability analyses to be The second step was to develop a survey instrument and to field-test it in most 231 participating countries. Field testing was carried out for approximately two weeks in each 232 country and questions that did not produce reliable data were identified and subsequently 233 improved or omitted. For example, during testing, the rating questions in the survey which use a 234 Likert scale (with the typical strongly agree to strongly disagree continuum) were found to be 235 difficult to interpret or answer by many participants. Rating questions were changed to item-236 specific responses to allow for clearer comprehension and in turn greater accuracy and reliability 237 of the data collected (Saris et al., 2010) . As an example, a question asked in testing was "Do you 238 feel that you belong to this community?" and the respondent was asked to choose from "Strongly 239 agree", "Agree", "Disagree", "Strongly disagree". Many respondents answered "Yes" or "No" 240 despite the question format. This question was modified to give respondents a choice of 241 "Strongly belong", "Belong", "Do not belong", "Do not belong at all". In sum, this pre-screening 242 served to modify and streamline the survey instrument and allowed the individual country 243 project teams to adjust questions to account for local circumstance, language, and 244 understandings. Overall, more than 80% of the final survey questions were exactly the same 245 across all hotspots indicating a flexible but, more importantly, a transferable method. In the less 246 developed countries, for instance, an understanding of adaptive capacity was gained through 247 questions about availability of electricity, water and sewage. These questions were not applicable 248 in Australia, for instance, as the vast majority of people have access to these services. Overall, 249 local level surveys in each hotspot country included at least one question from each sub category 250 to ensure data spread across all domains of the framework (i.e., data on all of the subcomponents 251 and indicators) and to ultimately ensure cross-country comparability (Fig. 4 ). Due to some further country differences including diverse resources and research person 255 power availability, receptiveness of the target audience (due to survey fatigue), literacy rates, and 256 access to online resources among the country hotspots, two different survey methods were 257 applied (face-to-face and online surveys). The differences in sample size and proportion, 258 research team size, field resources and interviewer training, language and use of translator 259 services across the hotspot countries is shown in Table 2 . For instance, the Australian researcher 260 team conducted an online survey rather than a field-based household survey as adopted by the 261 other countries. The web surveys were however unable to collect the large amounts of additional 262 contextual data provided by informants in the field-based surveys. In South Africa, a single 263 translator was used to conduct the household surveys, several translators were used in India, two 264 in Madagascar, and four translators were used to perform the surveys in the Solomon Islands, 265 whereas in Brazil and Australia in situ translators were not required. All translators were trained 266 to use and carry out the survey before the data collection began. By developing the common 267 framework and survey these differences could be accommodated, thereby ensuring the validity 268 of future cross country comparison and analysis. This was challenging given that most countries 269 involved in the research have both local and international researchers, spanning a wide range of 270 academic experience and disciplinary backgrounds, yet this diversity of ideas, knowledge, 271 networks and expertise enriched the research and discussions.
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The sampling strategy consisted in ensuring comparability of estimated vulnerability 274 across countries and agreeing in a uniform survey sampling universe (i.e. the groups/people to be 275 sampled within the study community). The sampling universe was stratified to encompass 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Africa were chosen for the study. An important fishery in this area is the handline fishery 320 performed by small crews of fishers on boats that leave from small harbours or river mouths. The 321 sites consist of a spectrum of different size communities, proportion of households with regular 322 translator was performed initially and then pre-testing of the survey was carried out to ensure 325 accuracy of the translated survey in the local dialect as well as optimal understanding by survey 326 participants. Overall, 65 surveys were conducted and following on from these, group focus 327 sessions were carried out in each community to feed back some of the main early findings of the 328 surveys.
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In Australia, an online survey was developed to gather the vulnerability information The Solomon Islands, a non-hotspot country, was included in our study as a means of 346 ascertaining the extent to which the GULLS social vulnerability survey could be applied in other French by two local students who then presented the questions in Malagasy to respondents, with 362 the response recorded in English. A total of 48 surveys were completed between the two 363 communities.
364
The presented framework was utilized for cross-cultural comparisons among the different 365 coastal communities in the different hotspot countries. Not only did we make comparisons within 366 each hotspot country across their different study sites but we identified interesting differences 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Statistical Analysis
379
The total number of observation for all countries combined was 1,276 but accounting for 380 incomplete observations, a dataset of 1,237 observations was retained. We restrict our survey 381 data analysis to rating questions only and the variables for the current analysis are therefore 382 ordered ordinal. For example, the survey question 'How difficult has it become to catch fish in 383 the areas you fish?' has four levels: not difficult at all, not very difficult, somewhat difficult, and 384 very difficult. The value of the rating question was between 1 and 4, with one being the better 385 outcome and four being the worst outcome. Because some of the rating questions had 3, 5 or 6 386 possible categories, these were normalised to a value between 1 and 4 to allow for interpretive 387 consistency. We report the results based on the average and median score for each of the 388 components (we test for consistency and difference between the result using average and median 389 scores). Our dataset has three characteristics which guide our use of statistical tools: the data is 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 sample is larger than that of other countries). To determine statistical differences between 392 countries we use nonparametric tests/distribution-free tests to account for a non-normal 393 distribution and unequal sample sizes. In a nonparametric test the null hypothesis is that the two 394 populations are equal, which is interpreted as the two populations are equal in terms of their 395 central tendency. The test used to establish statistical differences between countries allows for 396 unequal sample sizes. 397 We generated explanatory statistics such as samples means, medians, and standard 398 deviation and test the data for correlation for all questions and within vulnerability categories.
399
The Kruskal-Wallis Test was used to determine whether there are significant differences between 400 hotspot countries with respect to rating the components for sensitivity, adaptive capacity, and 401 exposure. Using the Kruskal-Wallis Test, we determined whether the population distributions are 402 identical without assuming a normal distribution. The relationship between the vulnerability 403 scores and the three categories can be visualised as indicated in Figure 5 . For instance, if 404 sensitivity or exposure are reduced (indicated by the inward facing arrows in b) in Figure 5 then 405 vulnerability can be reduced. Alternatively, if adaptive capacity can be increased this will reduce 406 overall vulnerability to change in the marine environment (indicated by the outward facing 407 arrows in c, Fig. 5 ). Finally, we analyse country results in the context of socio-demographic 408 characteristics (obtained from publically available dataset) to determine the relationship between 409 the vulnerability scores and these social, economic, and demographic indicators and to gauge if 410 country scores were significantly different. The following results are only an overview of our 411 data at the country level to illustrate the applicability of this approach, as a more detailed analysis 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The low adaptive capacity of coastal communities in Madagascar (Fig 7b) is caused by the low Brazil is attributed to a high adaptive capacity and low exposure which compensates for a 432 relatively high sensitivity due to a strong attachment to fishing and attachment to place. Several 433 country characteristics were found to be highly correlated to the level of vulnerability.
434
Government effectiveness was most highly correlated to country level vulnerability, indicating 435 that a less effective government and high vulnerability tend to go together. Even though country 436 characteristics are found to be related to the empirically derived vulnerability scores, it does not 437 (Table 3) . Our framework, nevertheless, can down-scale to analyze community 440 level sensitivity, adaptive capacity, and exposure and produce cross-community comparisons at 441 the national level or cross-culturally. communities. Thus, using the exposure components of land and marine will allow us to identify 529 double hotspot regions (those that are projected to have high levels of exposure to negative 530 marine and terrestrial change). Second, terrestrial agricultural production may provide an 531 important adaptation option for some communities/hotspots. If this is not considered within the 532 study in some way it is difficult to fully ascertain which communities/hotspots are likely to be 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 datasets, data can be collected intensively at the local household level and can be analysed at that 553 level but also integrated through indicators to allow for comparison to regional or national levels 554 through Census data and even to the global level by integration with global indicators that map to 555 the indicators from the surveys.
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